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Abstract: Japonica rice variety Kanto 194 as the donor of resistance gene Stv-bi and low-amylose 
content gene Wx-mq was used to improve the resistance and eating quality of Wuyujing 3 by the breeding 
strategy of backcross. In continuous backcross and selfcross generations, the related molecular markers 
with Stv-bi and Wx-mq genes were utilized for genotypic detection by associated with resistance 
identification of rice stripe disease and agronomic traits selection. Finally, 10 improved lines with 
homozygous genotype Stv-biStv-biWx-mqWx-mq were obtained from BC3F4 generation. The results of 
comparative analysis indicated that most characters of these lines were consistent with those of recipient 
parent Wuyujing 3, except for the improved resistance, appearance and eating quality. By evaluation of 
the comprehensive performance of them, two excellent lines K01 and K04 were selected for further 
experiments. 
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Wuyujing 3 is a late-maturing mid-season japonica 
rice variety, obtained from complex crossbreeding of 
79-51/Zhongdan 1//Yangjing 1/Zhongdan 1 by Jiang 
et al (1993) at the Wujin Rice and Wheat Breeding 
Farm, Jiangsu Province, China. Since this variety was 
approved in 1992, its total plantation has been more 
than 6 × 106 hm2. Wuyujing 3 is not only the primary 
japonica rice variety commercially applied for the 
longest period in Jiangsu Province, but also a conventional 
variety ranking to top 10 in the nationwide application 
acreage (Chen et al, 2007).  
Over the recent years, there has been a sustained 
prevalence of rice stripe disease (RSD) in the middle 
and lower reaches of Yangtze River (Chen et al, 2014), 
which led to serious yield loss and even complete crop 
failure of the RSD-susceptible variety Wuyujing 3, 
limiting its wider application. However, Wuyujing 3 
has advantages such as wide adaptability, stable and 
high yielding potential, it remains favored by a portion 
of the farmers and being planted in a considerable 
acreage (Pan et al, 2009). As for grain quality, although 
it has good palatability, Wuyujing 3 has a gap from 
other rice varieties with good eating quality and low 
amylose content, which have been cultivated in recent 
years. On balance, Wuyujing 3 fails to satisfy the 
growing requirement on rice quality (Wang et al, 2009, 
2012, 2013). Therefore, it is of significance to 
improve Wuyujing 3 for RSD resistance and eating 
quality, extending its application in rice production. 
In this study, Wuyujing 3 was crossed and 
backcrossed with RSD-resistance and high-quality 
japonica rice variety Kanto 194 from Japan. Indirect 
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selection of target genes was performed using 
molecular markers in close linkage with the target 
genes, in order to directionally improve RSD resistance 
and eating quality (Sato et al, 1996). Further, improved 
lines with similar or even superior integrated traits to 
Wuyujing 3 were screened by field identification of 
RSD resistance and systematic analysis of agronomic, 
yield and quality traits.  
MATERIALS AND METHODS 
Plant materials 
Kanto 194, bred by the Ibaraki Agricultural 
Experiment Station, Kanto region of Japan in 2003 
(accession No. Nonglin 387), was used as the donor 
parent. Wuyujing 3 was used as the recipient parent. 
Ten BC3F5 lines were obtained by continuous 
backcrossing and selfing of Kanto 194 with Wuyujing 
3, in conjunction with molecular marker-assisted 
selection (MAS). The selected lines had homozygous 
Stv-biStv-biWx-mqWx-mq genotype and obtained 
agronomic traits similar to Wuyujing 3. 
DNA extraction and molecular marker detection 
Leaf samples were collected with scissors from 
individual plants at the tillering stage. Genomic DNA 
was extracted using the sodium dodecyl sulfate 
method (Dellaporta et al, 1983). The RSD resistance 
gene Stv-bi was detected using the sequence 
characterized amplification region marker ST-10 
(forward primer, 5'-CGAAAGATGGTTTCTCCACC-3'; 
reverse primer, 5'-GACCAAGCAACTAATGACGC-3') 
(Yao et al, 2010). The low amylose content gene 
Wx-mq was detected by tetra-primer amplification 
refractory mutation system PCR (forward outer primer 
Wx-mq-OF, 5'-ATGTTGTGTTCTTGTGTTCTTTGC 
AGGC-3'; reverse outer primer Wx-mq-OR, 5'-GT 
AGATCTTCTCACCGGTCTTTCCCCAA-3'; forward 
inner primer Wx-mq-IF, 5'-GGGTGAGGTTTTTCCA 
TTGCTACAATCG-3'; reverse inner primer, 
Wx-mq-IR, 5'-GTCGATGAACACACGGTCGACTC 
AAT-3') (Chen et al, 2013). PCR was performed on 
an MJ Research PTC-200 thermal cycler (Bio-Rad 
Inc., Hercules, CA, USA). The reaction program was 
as follows: pre-denaturation at 95 °C for 5 min, 
followed by 35 cycles of denaturation at 95 °C for 30 
s, annealing at 63 °C (Stv-bi marker) or 65 °C (Wx-mq 
marker) for 30 s, elongation at 72 °C for 1 min, and 
with a final extension step at 72 °C for 10 min. The 
PCR products were stored at 4 °C before use. Ten 
microliter of PCR products were checked by 1.5% 
agarose gel electrophoresis. The gel was stained with 
ethidium bromide and observed on a UV gel imager 
(Bio-Rad Inc., Hercules, CA, USA). 
Field identification of resistance to RSD  
RSD resistance was identified on the recipient parent 
Wuyujing 3 and 10 improved BC3F5 lines (designated 
as K01 to K10) under natural field conditions. The 
experiment was conducted in fields associated with 
serious RSD in Nanjing and Yandu of China during 
the summer of 2012. The experiment was randomly 
arranged and repeated three times. Approximately 500 
seedlings were planted for each replication.  
To ensure the reliability of the experimental results, 
rice seedlings were raised near a wheat field with 
abundant source of small brown planthopper (SBPH, 
Laodelphax striatellus Fallén). Expelling of insect was 
conducted three times a day, and no prevention of 
SBPH was performed at the seedling and transplanting 
stages. The stripe disease was graded according to 
Washio et al (1976): 0, no symptoms; 1, leaves show 
slightly yellowish green mottle symptoms, infected 
leaves do not curl and normal growth; 2, chlorotic 
diseased leaves show an irregularly white or yellowish 
green stripe, diseased leaves do not curl or slightly 
curl, and plant grows normally; 3, diseased leaves 
show severe chlorosis and twirling curl and a small 
number of diseased leaves appear yellow wilt 
symptoms; 4, most of the diseased leaves show 
twirling curl and appear serious yellow symptoms or 
even dead, and plant looks like dead heart or whole 
plant is dead. 
According to the above grading system, grades 0 
and 1 were recorded as no incidence; grades 2–4 were 
recorded as morbidity and used to calculate the incidence 
rate. RSD resistance was evaluated by incidence rate 
(%) according to Zhou et al (2007): immune (I), the 
incidence rate is 0; highly resistant (HR), the 
incidence rate is less than 5.1%; resistant (R), the 
incidence rate is from 5.1% to 15.0%; moderately 
susceptible (MS), the incidence rate is between 15.1% 
and 30.0%; susceptible (S), the incidence rate is 
between 30.1% and 50.0%; highly susceptible (HS), 
the incidence rate is higher than 50.0%. 
Agronomic and yield trait analysis 
A comparison experiment was performed on the 10 
improved lines at the same year with Wuyujing 3 as 
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the control. The experimental fields with mild RSD 
and suitable planting conditions were selected from 
the Baima Plant Science Situation of Jiangsu 
Academy of Agricultural Sciences in Lishui, Jiangsu 
Province and the Hongqi Farm in Taizhou, Jiangsu 
Province, China. The experiments were repeated twice 
and each plot was planted with rice seedlings in 10 
rows, 50 seedlings per row. The spacing of seedlings 
was 13.2 cm × 26.6 cm. In order to prevent the impact 
of RSD on the survey of agronomic and yield traits, 
special attention was paid to SBPH prevention and 
control at the seedling and tillering stages. At the 
maturity stage, 10 consecutive plants were selected 
from the middle row of each plot for the improved 
lines in different fields. Agronomic traits such as plant 
height, panicle length, numbers of panicles, filled 
grains and spikelets per plant, numbers of filled grains 
and spikelets per panicle, seed-setting rate, 1000-grain 
weight and yield per plant were measured. The grain 
moisture content and actual yield were also measured 
in each plot, and the yield was converted based on the 
standard grain moisture content of japonica rice 
(14.5%). 
Quality trait analysis 
Rice quality analysis was performed on grains harvested 
from Lishui. Three replicate samples were randomly 
selected for each line (variety). Quality traits, including 
brown rice rate, milled rice rate, head milled rice rate, 
grain length, length/width ratio, chalky grain rate, degree 
of chalkiness, gel consistency, alkali spreading value 
and amylose content, were measured three times 
according to the standards of the Ministry of Agriculture, 
People’s Republic of China (NY147-88). Eating quality 
was assessed by sensory evaluation according to 
Liang et al (1995). The odor, appearance, palatability, 
fragrance, and comprehensive scores were summed up 
at a ratio of 1: 2: 2: 4: 1 to obtain the taste value. 
Statistical analysis 
Data are the mean values of two or three experiments. 
Comparison of the means was performed using the 
analysis of variance. A P value less than 0.05 was 
considered to be statistically significant. Statistical 
analysis was performed using the SPSS 19.0 software 
(IBM Inc., Armonk, NY, USA).  
RESULTS 
MAS and backcrossing 
Wuyujing 3 as a recipient parent was crossed with 
Kanto 194 in the summer of 2007, and backcross 
combinations were prepared in Hainan Province of 
China during the winter of the same year. Fourteen 
BC1F1 lines were subject to molecular detection for 
Stv-bi and Wx-mq genotypes in the summer of 2008. 
Four lines with the above two genes were backcrossed 
with Wuyujing 3 to obtain BC2F1. In total, 160 plants 
of 4 BC2F1 lines were detected for the Stv-bi and 
Wx-mq genotypes in Hainan in the winter of 2008, of 
which 35 carried both the target genes. Two plants 
with integrative agronomic traits similar to the 
recipient parent were selected as the male parents to 
generate BC3F1 by backcrossing. The BC3F1 lines 
were probed for Stv-bi and Wx-mq in the summer of 
2009, and 14 plants of 2 lines carried the target genes 
(Fig. 1). And 8 out of the 14 plants with integrative 
Fig. 1. Molecular detection of Stv-bi and Wx-mq genes for parts of plants in BC3F1 generation. 
M, 2 kb DNA marker; Lane 1, Wuyujing 3; Lane 2, Kanto 194; Lane 3, F1 (Wuyujing 3/Kanto 194); Lanes 4 to 24, Parts of plants in BC3F1 generation. 
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agronomic traits similar to Wuyujing 3 were selected 
for generation advancement in Hainan.  
Among the 8 BC3F2 lines, Stv-bi was detected in 
227 plants and Wx-mq was found in 250 plants. 
Fifty-five Stv-bi-Wx-mqWx-mq plants were selected 
and harvested. Field identification of RSD resistance 
was conducted on the selected BC3F3 lines in Nanjing 
during the summer of 2010. Ten lines with the 
incidence rate of RSD < 5% and excellent agronomic 
traits were analyzed and all of them were found to be 
homozygous with both Stv-bi and Wx-mq. However, 
the seed-setting rates of Wuyujing 3 and most lines 
were approximately 50% due to extremely high 
temperature throughout the experiment. Based on field 
observations, 71 plants with relatively low chalky 
grain rate and degree of chalkiness were harvested 
from 7 plots with > 80% seed-setting rate. The BC3F4 
lines derived from the selected plants were subject to 
field identification of RSD resistance and examination 
on integrative agronomic traits in the summer of 2011. 
Ten lines displaying higher RSD resistance and stable 
agronomic traits were screened for comparison 
experiment (Fig. 2). 
Identification of resistance to RSD in improved lines 
RSD resistance in Wuyujing 3 and the 10 improved 
lines was identified under natural field conditions at 
the experimental sites of Nanjing and Yandu, Jiangsu 
Province, China, during the summer of 2012. At 
Nanjing, the incidence rate of RSD ranged from 0 to 
2.73% for the improved lines versus 64.82% for 
Wuyujing 3. At Yandu, the incidence rate of RSD 
ranged from 0.20% to 3.74% for the improved lines 
versus 68.97% for Wuyujing 3 (Table 1). The 
incidence rate of RSD remained higher at Yandu 
compared to Nanjing, which could be related to 
varying numbers and virus-carrying rates of SBPH. 
Moreover, the improved lines had significantly lower 
incidence rate of RSD than the recipient parent. 
Especially, K01, K04, K05, K06 and K08 had the 
incidence rate of RSD lower than 1.00% at both sites, 
indicating their excellent resistance to the disease. 
Identification of major agronomic and yield traits 
in improved lines 
The major agronomic and yield traits of the 10 
improved lines and their parent Wuyujing 3 were 
Table 1. Comparison of resistance of rice stripe disease for 
improved lines and Wuyujing 3 (Mean ± SD). 
Line/Variety
Incident rate of rice stripe disease (%) 
Resistance level Nanjing, Jiangsu 
Province 
Yandu, Jiangsu 
Province 
K01 0.00 ± 0.00 0.20 ± 0.20 Highly resistant 
K02 1.41 ± 0.21 1.55 ± 0.30 Highly resistant 
K03 1.15 ± 0.31 1.48 ± 0.32 Highly resistant 
K04 0.20 ± 0.00 0.41 ± 0.20 Highly resistant 
K05 0.26 ± 0.23 0.94 ± 0.23 Highly resistant 
K06 0.26 ± 0.11 0.87 ± 0.23 Highly resistant 
K07 2.73 ± 0.50 3.74 ± 0.51 Highly resistant 
K08 0.07 ± 0.12 0.40 ± 0.20 Highly resistant 
K09 0.88 ± 0.31 1.48 ± 0.31 Highly resistant 
K10 0.79 ± 0.39 1.28 ± 0.12 Highly resistant 
Kanto 194 0.28 ± 0.11 0.66 ± 0.18 Highly resistant 
Wuyujing 3 64.82 ± 0.80 68.97 ± 0.41 Highly susceptible
Fig. 2. Process of improving resistance and quality of Wuyujing 3. 
MAS, Molecular assistant selection. 
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measured over the same year at the experimental sites 
of Lishui and Taizhou. The analysis of variance 
showed that there were significant or highly 
significant differences in most traits measured 
between the sites. Significant interaction between site 
and line was also observed for individual traits such as 
plant height. However, no significant differences were 
observed between the lines. This result indicated that 
the traits in the lines or variety were greatly affected 
by the growth environment. At the same site, the 
improved lines had gained general agronomic and 
yield traits similar to Wuyujing 3 through trait 
selection during continuous backcrossing and selfing 
(Table 2). A comparative analysis of the actual yield 
between plots revealed that the improved lines had no 
significant differences from the recipient parent but 
most of them exceeded Wuyujing 3. Greater increases 
in the yield were observed in K01, K02, K04, K06 and 
K09 (Table 3). 
Identification of quality traits in improved lines 
Further analysis of the quality traits showed that there 
were highly significant differences between the 
improved lines and Wuyujing 3 in chalky grain rate, 
degree of chalkiness, gel consistency and amylose 
content. No significant difference occurred in other 
quality traits such as brown rice rate, milled rice rate, 
head milled rice rate, grain length and length/width 
ratio, or alkali spreading value. Both the chalky grain 
rate and degree of chalkiness were significantly lower 
in the improved lines compared with the recipient 
parent. The chalky traits were especially superior in 
K01, K03, K04, K06, K07 and K08 (Fig. 3). Owing to 
their homozygous Wx-mq genotype, the improved 
lines had significantly lower amylose content than 
Wuyujing 3 (Table 4). The decrease in amylose 
content also led to different degrees of increases in gel 
consistency for the improved lines. These findings 
agreed with the results of Li et al (2004) and Sun et al 
(2005). 
As a matter of fact, the eating quality of rice is an 
integrated combination of multiple traits. Differences 
in physicochemical indices such as amylose content 
and gel consistency are incapable of reflecting the 
actual changes in the eating quality of the improved 
lines. Therefore, sensory evaluation remains to be the 
Table 2. Comparison of main agronomic and yield traits for improved lines and Wuyujing 3. 
Line/Variety PH (cm) PL (cm) PP FGPL SPL FGPA SPA SSR (%) TGW (g) GWP (g)
K01 97.9 15.7 14.3 1 397.9 1 452.2 98.6 102.6 96.3 25.0 33.6 
K02 99.4 15.0 14.6 1 421.1 1 475.3 97.2 101.0 96.2 24.7 32.7 
K03 99.1 15.4 14.3 1 289.6 1 354.7 90.8 95.5 95.2 24.7 31.2 
K04 99.8 15.9 14.9 1 336.7 1 383.6 89.3 92.6 96.5 24.9 32.3 
K05 99.7 15.5 13.4 1 249.0 1 291.6 93.6 96.8 96.7 25.9 32.1 
K06 101.5 15.3 13.9 1 324.7 1 372.3 95.3 98.8 96.4 25.5 33.7 
K07 100.2 15.9 13.4 1 288.7 1 329.5 96.3 99.4 96.9 25.1 32.2 
K08 100.2 15.1 14.0 1 322.9 1 390.8 94.7 99.6 95.1 25.5 32.8 
K09 100.0 15.6 13.7 1 292.0 1 347.2 94.3 98.4 95.8 25.6 33.0 
K10 99.5 15.8 14.7 1 348.4 1 391.1 92.0 95.0 96.7 24.7 33.2 
Wuyujing 3 98.6 15.6 13.6 1 258.5 1 325.4 93.6 98.6 95.0 25.9 32.8 
PH, Plant height; PL, Panicle length; PP, Number of panicles per plant; FGPL, Number of filled grains per plant; SPL, Number of spikelets per 
plant; FGPA, Number of filled grains per panicle; SPA, Number of spikelets per panicle; SSR, Seed-setting rate; TGW, 1000-grain weight; GWP, 
Grain weight per plant.  
 
 
Table 3. Comparison of actual yields for improved lines and Wuyujing 3. 
Line/Variety Lishui, Jiangsu Province Taizhou, Jiangsu Province Average 
Yield (kg/hm2) Order Yield (kg/hm2) Order Yield (kg/hm2) Order 
K01 7 543.5 5 10 680.0 4 9 111.8 3 
K02 7 362.0 10 10 740.0 3 9 051.0 5 
K03 7 335.0 11 10 132.5 10 8 733.8 11 
K04 7 422.0 9 10 822.5 2 9 122.3 2 
K05 7 485.0 6 10 035.0 11 8 760.0 10 
K06 7 755.0 2 10 732.5 1 9 243.8 1 
K07 7 887.0 1 10 155.0 9 9 021.0 6 
K08 7 618.5 4 10 305.0 7 8 961.8 8 
K09 7 740.0 3 10 432.5 6 9 086.3 4 
K10 7 437.0 7 10 545.0 5 8 991.0 7 
Wuyujing 3 7 429.5 8 10 257.0 8 8 843.3 9 
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main method for determining eating quality (Zhang 
et al, 2009). The evaluation results showed that the 
tasting index of the improved lines was significantly 
higher than that of the recipient parent. In particular, 
the tasting values of K02, K07, K08, K09 and K10 
were greater than 1.00, indicating that their eating 
quality was significantly better than that of Wuyujing 
3 (Table 5).
DISCUSSION 
High quality, high disease resistance and high yield 
are eternal themes of rice breeding. These three 
aspects show differences as well as interconnections. 
Table 4. Comparison of main quality traits for improved lines and Wuyujing 3. 
Line/variety 
Milling quality  Appearance quality Eating quality 
Brown rice 
rate (%) 
Milled rice 
rate (%) 
Head milled 
rice rate (%) 
Grain 
length
Length/width 
ratio 
Chalky grain 
rate (%) 
Degree of 
chalkiness (%)
Gel 
consistency 
Alkali spreading
value 
Amylose 
content (%)
K01 79.5 71.8 68.5  4.72 1.65  8.5** 1.2** 80.8** 5.8 8.2** 
K02 78.7 70.2 65.8  4.46 1.65 24.2** 4.2** 81.2** 5.8 8.2** 
K03 78.7 70.9 68.0  4.53 1.68 13.7** 2.9** 79.7** 5.8 7.5** 
K04 79.8 71.9 68.1  4.53 1.66 14.7** 2.9** 80.1** 5.7 7.5** 
K05 80.3 72.5 68.6  4.98 1.63 23.9** 4.0** 81.1** 5.8 7.6** 
K06 80.3 71.8 68.7  4.95 1.63 14.1** 2.1** 81.2** 5.8 7.6** 
K07 79.2 71.2 68.5  4.74 1.69 13.7** 2.9** 81.5** 5.8 8.1** 
K08 79.5 71.2 68.2  4.93 1.66 12.2** 2.2** 81.7** 5.7 8.7** 
K09 79.7 72.4 69.2  4.93 1.67 18.0** 4.0** 81.7** 5.7 8.9** 
K10 78.7 71.6 69.1  4.70 1.66 21.8** 4.5** 82.2** 5.8 8.9** 
Wuyujing 3 78.8 70.1 67.1  4.99 1.61 45.2 9.2 75.8 5.8 14.2 
* and ** indicate significant differences at the 0.05 and 0.01 levels, respectively. 
 
 
Table 5. Score of taste indices for improved lines and Wuyujing 3. 
Line/Variety Odor Appearance Palatability Fragrance Comprehensive score Taste value 
K01 0.10 0.80 1.40** 0.90* 1.50** 0.96** 
K02 0.20 1.10* 1.30* 1.20** 1.50** 1.13** 
K03 0.10 0.40 0.70 0.50 0.80 0.51 
K04 0.10 0.90* 0.90 0.70 0.90 0.74 
K05 0.10 0.70 0.60 0.60 0.70 0.58 
K06 0.00 0.50 1.00 1.00* 1.38* 0.84* 
K07 0.10 1.20** 1.70** 1.60** 1.90** 1.42** 
K08 0.10 1.10* 1.40** 0.90* 1.50** 1.02** 
K09 0.00 0.90* 1.30* 1.30** 1.40* 1.10** 
K10 0.20 0.90* 1.30* 1.20** 1.20* 1.16** 
Wuyujing 3 0.00 0.00 0.00 0.00 0.00 0.00 
* and ** indicate significant differences at the 0.05 and 0.01 levels, respectively. 
A B C
D E F
Fig. 3. Field performance and appearance quality for two improved lines and Wuyujing 3. 
A and D, Improved line K01; B and E, Improved line K04; C and F, Wuyujing 3.
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The focus of rice breeding certainly changes over time. 
Given the enormous pressure of food demand over a 
long period, Jiangsu Province has taken high and 
stable yield as the primary goal of rice breeding. A 
few excellent varieties, such as Wuyujing 3, 
Wuyunjing 7 and Wujing 15, have been bred, which 
play a positive role in the national and regional food 
security (Sheng et al, 1997). Over the recent years, 
RSD has prevailed continuously while the requirements 
on rice quality have been increasing constantly. Hence, 
the exiting varieties fail to meet the production and 
consumption demand. Therefore, RSD resistance and 
eating quality of these varieties has become a critical 
issue to be addressed, and therefore is the main goal of 
rice breeding in Jiangsu Province, China (Wang et al, 
2011). 
To achieve the goal of breeding programme, we 
introduced the Japanese variety Kanto 194 as the 
donor parent, which possesses both the RSD resistance 
gene Stv-bi and the low amylose-content gene Wx-mq. 
Kanto 194 was crossed with the high-yielding variety 
Wuyujing 3, and the target genes were transferred and 
pyramided into the recipient by backcrossing. In order 
to improve the efficiency of selection, molecular 
markers in close linkage with the above two genes 
were used to screen the offspring plants or lines during 
the backcrossing and selfing process. A number of 
improved lines with homozygous Stv-bi and Wx-mq 
genotype were developed, which exhibited traits 
largely consistent with the recipient parent Wuyujing 
3. Field identification results showed that the mean 
incidence of RSD in the 10 improved lines varied 
from 0 to 3.74% at the two experimental sites. These 
values were far lower than that in the recipient parent 
(66.90%), indicating that Stv-bi greatly contributes to 
RSD resistance in rice. Regarding eating quality, 
Wx-mq from donor parent Kanto 194 was transferred 
into Wuyujing 3, and the improved lines also produced 
several significant changes in quality traits, especially 
amylose content and gel consistency. Decreased amylose 
content and increased gel consistency generally 
resulted in soft texture, glutinousness and glossiness 
of the cooked rice. The tasting value of the improved 
lines was higher than that of the recipient parent to 
varying degrees in subsequent sensory evaluation. 
This trend also suggests that it is feasible to improve 
the eating quality of Wuyujing 3 using Wx-mq. Taking 
into consideration of mutiple traits, we finally selected 
two excellent lines, K01 and K04, for the next 
experimental demonstration. 
From the results of this study, backcrossing is a 
rapid and effective approach to improve single traits 
of existing rice varieties. In this process, how to 
properly select plants pyramided with the target genes 
is critical for the success of breeding programme. 
However, conventional breeding is mainly based on 
phenotype for indirect selection of genotype. The 
identification of resistance to RSD is affected by the 
number and virus-carrying rate of SBPH. Hence, it is 
difficult to perform accurate identification of RSD- 
resistant plants even under the environment of severe 
RSD. The MAS analyzes the genotype using molecular 
markers in close linkage with target genes. This 
molecular technique is not limited by environmental 
conditions and thus can effectively improve the 
selection efficiency, and facilitate the breeding process. 
It has a distinct advantage especially in multi-gene 
pyramiding. With functional genomics and related 
technologies, the use of MAS for gene pyramiding has 
become a hot topic in molecular breeding of rice. 
Great progress has been achieved in research based on 
MAS. Zhang et al (2007) crossed Zhongchao 123 
carrying glucose pyro phosphorylase gene with Jupei 
1 rich in Ȗ-aminobutyric acid, and through MAS, 
developed a new rice line with special function of 
reducing blood pressure. By pyramiding the marker 
genes, Zhuang et al (2010) screened an indica restorer 
line, Zhonghui 161, from a Teqing/IRBB51 recombinant 
inbred line population. Zhonghui 161 carries rice blast 
resistance genes Pi-b and Pi-ta, as well as the 
leaf-blight resistance genes Xa4, xa13 and Wxb. It was 
crossed with an elite sterile line, Zhong 9A, and a new 
combination of hybrid rice, Zhongyou 161, was 
developed. Chen et al (2012) conducted backcross 
breeding for disease resistance by MAS and pyramided 
sheath blight resistance QTL qSB-9TQ in Teqingzhong 
with RSD resistance gene Stv-bi in Zhendao 88 into 
Wuyujing 3 and Wujing 15, and obtained new rice 
germplasm with resistance genes against both diseases. 
In the present study, we used PCR markers related to 
the target genes (Stv-bi and Wx-mq) to monitor and 
test the directionally improved population of 
Wuyujing 3. New rice lines pyramided with the above 
genes with RSD resistance and excellent eating 
quality were obtained successfully.  
Moreover, we noticed in the improvement process 
that background selection has a critical role in 
improving the breeding efficiency. Research has 
shown that with the use of molecular markers, 
selecting and crossing plants with relatively high 
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genetic similarity with the recipient parent from the 
segregation population can effectively reduce the 
number of backcrossing and shorten the duration 
(years) of breeding as required for recovery to the 
desirable traits of the recurrent parent (Pan et al, 2009). 
However, this approach is time-consuming, laborious 
and expensive. As a consequence, it is difficult for 
general breeding institutions to apply this approach in 
practice. To improve the efficiency of backcross 
breeding, we selected lines with comprehensive traits 
similar to the recurrent parent from the BC3F4 
population, based on eye selection of agronomic traits 
in individual plants from the backcrossed segregation 
population. The result suggests that it is feasible to 
rapidly achieve the improvement of specific traits in 
the recipient parent by MAS of target genes in 
conjunction with phenotypic selection of other traits. 
In addition to improving disease resistance and 
eating quality, we also laid stress on simultaneous 
improvement in other important traits. The appearance 
qualities of Wuyujing 3, such as chalky grain rate and 
degree of chalkiness, fail to meet national standards 
for high quality rice, decreasing commercial value of 
this variety. Therefore, we enhanced the selection of 
the above traits in the BC3F3 and BC3F4 populations, 
and all of the 10 improved lines had significantly 
better chalky indices than the recipient parent, and a 
few lines reached the grade II national standards for 
high-quality rice. These chalky traits selection may 
result in the unintentional variation of yield and 
appearance quality traits between improved lines and 
the recipient parent, and finally lead to the actual yield 
increase or decrease and the change of grain shape in 
some lines. As can be seen, MAS has a unique advantage 
for pyramiding the major gene of resistance and 
quality in rice breeding. Nonetheless, MAS approach 
needs to be improved for traits under the control of 
minor genes or with unknown genetic mechanism, and 
it is a supplemental means in the breeding process that 
is incapable of replacing conventional breeding. We 
need to find the optimum combination between 
molecular breeding and conventional breeding, which 
is time-, labor- and cost-effective, and achieve 
simultaneous improvement of the target traits in rice.  
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